INTRODUCTION {#sec1-1}
============

Cancer is one of the most common causes, which results in morbidity and mortality today, further, more than 10 million new cases and more than 6 million deaths occur each year worldwide.\[[@ref1]\] In India, oral squamous cell carcinoma (OSCC) is the most common malignancy accounting up to 40-50% of all malignancies. Although tobacco and alcohol are the main etiologic factors in three-fourth of these cancers, the etiological factor in 1/4^th^ of the cases remains unnoticed. There is growing evidence that human papilloma virus (HPV) may act as a cocarcinogen along with tobacco which eventually results in oral cancers.\[[@ref2]\]

Human papilloma virus are small, circular double stranded deoxyribonucleic acid (DNA) viruses that belong to the papillomaviridae family.\[[@ref3]\] Over 130 HPV types are known; these are classified as low or high-risk, based on their association with cervical carcinoma. HPV-16 and 18 are the most commonly detected high-risk types. HPV transforms infected epithelial cells and causes defects in genes controlling apoptosis, cell cycle, and DNA repair, thereby promoting tumorigenesis.\[[@ref4]\]

The protein p16 is a cellular protein involved in cell cycle regulation. In normal cells, p16 protein is expressed in very low levels and is almost undetectable by IHC. Due to the transforming activity of E7 oncogene, p16 is strongly expressed in tumor cells affected by HPV and may be easily detected by IHC.\[[@ref5]\] Hence, p16 positivity correlates strongly with HPV positivity.\[[@ref6]\] However, literature search revealed meager data exclusively correlating HPV and histological grades of OSCC.

Hence, this study is focused on evaluating the expression of HPV in OSCC and to correlate the association of HPV in histological grades of OSCC using p16.

SUBJECTS AND METHODS {#sec1-2}
====================

Study design {#sec2-1}
------------

A total of 30 formalin fixed paraffin embedded biopsied samples, histopathologically diagnosed as OSCC were retrieved from the Department of Archival Collection, M.S. Ramaiah Dental College and Hospital, Bangalore \[[Table 1](#T1){ref-type="table"}\]. Serial sections of 4 μm were taken, one section was subjected to H and E to ascertain the histological grades (Modified Broder\'s grading system),\[[@ref7]\] while the consecutive sections were subjected to p16 IHC analysis. Of the 30 cases, 10 cases were well differentiated oral squamous cell carcinoma (WDOSCC), 10 cases were moderately differentiated oral squamous cell carcinoma (MDOSCC) and the rest 10 cases were poorly differentiated oral squamous cell carcinoma (PDOSCC).

###### 

Different grades of OSCC and their sites/location

![](JISPCD-4-61-g001)

Procedure for p16 immunohistochemistry (IHC) - is elucidated in a [Flowchart 1](#F1){ref-type="fig"} Commercially available mouse monoclonal antibody for p16INK4a protein (Biogenex, USA) was used.

![Representing the steps in p16 immunohistochemical staining. PLL = Poly L lysine, EDTA = Ethylenediaminetetraacetic acid, H2O2 = Hydrogen peroxide, IgG = Immunoglobulin G, DPX = Dibutylphathalate xylene](JISPCD-4-61-g002){#F1}

Positive control slides of cervical carcinoma \[[Figure 1a](#F2){ref-type="fig"}\] harboring HPV were taken to ascertain the validity of IHC kit and the accuracy of the technique. For negative control, the primary antibodies were omitted. The presence of brown precipitate at the site of cytoplasm, nucleus or both were indicative of p16 positive immunoreactivity regardless of staining intensity.\[[@ref8]\] The criteria given by\[[@ref9]\] opted to evaluate the p16 staining is delineated in [Table 2](#T2){ref-type="table"}.

![p16 immunohistochemistry staining in histological grades of oral squamous cell carcinoma with positive control. (a) Positive control slide of cervical cancer, (b) dispersed single cell staining in well-differentiated oral squamous cell carcinoma, (c) Patchy staining in moderately differentiated oral squamous cell carcinoma, (d) diffuse staining in poorly differentiated oral squamous cell carcinoma, (e) No staining. Kappa statistics of 0.900, revealed high agreement between the observers](JISPCD-4-61-g003){#F2}

###### 

Criteria for evaluating p16 staining

![](JISPCD-4-61-g004)

The slides were examined by three pathologists using light microscope and the entire procedure was blinded to minimize the inter observer bias and the values were ascertained using kappa statistics.

RESULTS {#sec1-3}
=======

In total 30 samples of OSCC were evaluated. The results revealed p16 positivity in 26 cases (86.66%) of 30 \[[Graph 1](#F3){ref-type="fig"}\].

![Portrayingp16 positivity in 86.66% of oral squamous cell carcinoma cases](JISPCD-4-61-g005){#F3}

The number of p16 positive cases in different histological grades of OSCC is collated in [Table 3](#T3){ref-type="table"}.

###### 

Demonstrating p16 positive cases in histological grades of OSCC

![](JISPCD-4-61-g006)

Different grades of OSCC showed difference in grades/patterns of staining. WDOSCC predominantly showed singly dispersed cell staining, while it was predominantly patchy and diffuse in moderately and PDOSCC, respectively \[[Table 4](#T4){ref-type="table"}, [Graph 2](#F4){ref-type="fig"} and [Figure 1](#F2){ref-type="fig"}\].

###### 

Different grades of p16 staining in different grades of OSCC

![](JISPCD-4-61-g007)

![More diffuse p16 staining in poorly differentiated oral squamous cell carcinoma, predominant patchy staining in moderately differentiated oral squamous cell carcinoma and singly dispersed cell staining in well-differentiated oral squamous cell carcinoma](JISPCD-4-61-g008){#F4}

DISCUSSION {#sec1-4}
==========

Associating HPV and head and neck cancer was first done in 1983 by Syrjänen *et al*.,\[[@ref10]\] and then was supported by several other authors on the basis of the following evidence: (i) The epitheliotropic nature of HPV (ii) the widely confirmed oncogenic potential, especially in cervical squamous cell carcinoma and (iii) the morphological similarities between oropharyngeal and genital epithelia.\[[@ref11]\]

Most HPV research has primarily focused on cervical cancer, as \>99% of cervical cancers harbor HPV.\[[@ref3]\] During the recent years, evidence of HPV infection emerged as a major prognostic and predictive marker in head and neck squamous cell cancer (HNSCC).\[[@ref6]\] In oral cavity, among 12 types of HPV found, HPV 16 and 18 are the most common types followed by 6 and 11. Prevalence of HPV in OSCC is now considered to be as high as 50%.\[[@ref2]\]

Moreover, the number of people at risk for infections of such oncogenic viruses and subsequent risk of neoplasia is well into the millions throughout the world.\[[@ref3]\] Recent data from case-control and meta-analytic studies show that HPV would be indeed, an independent risk factor for the development of oropharyngeal and oral carcinomas.\[[@ref12]\]

HPV associated OSCC are more common in younger age groups due to physical contact and oral sex.\[[@ref13]\] It is well-established that the genital HPV infections is a sexually transmitted disease, associated with early sexual debut and multiple sexual partners. The mode of transmission of HPV to the mucosa is less understood and less defined at this stage, theories have proposed multiple pathways for HPV transmission, including perinatal transmission, auto-infection from oral-genital contact by hand and sexual transmission by oral-genital contact.\[[@ref14]\] It has been postulated that abrasions caused due to this continuous exposure might make mucosal surface more susceptible to HPV facilitating its entry into the basal cells.\[[@ref13]\]

There has been wide variation in HPV positivity rates in cancers at different sites in the head and neck region. Approximately, 25-75% of oropharyngeal cancers have tested HPV positive, with rates in tonsillar cancer being the highest, followed by cancers of the tongue and of the buccal mucosa.\[[@ref2]\] The probable reason could be that HPV being inhabitant of normal crypt epithelia and Waldeyer\'s ring, an antigen presenting site, may act as the reservoir for HPV.

To understand the pathogenesis of HPV, \[[Figure 2](#F5){ref-type="fig"}\] a basic understanding of normal cell cycle is important. In normal cell cycle, the hypophosphorylated retinoblastoma (RB) in complex with E2F transcription factors prevents the progress of cell cycle from G1 to S. When RB is phosphorylated by cyclin D - cyclin-dependent kinase 4 (CDK4), it releases E2F. The latter then induces target genes such as cyclin E, which stimulates DNA replication and progression through the cell cycle. The gene product p16 normally binds to CDK 4, inhibiting their association with cyclin D. The inhibition of the complex cyclin D - CDK4 prevents phosphorylation of RB leading to inhibition of cell cycle progression through G1- to S-phase.

![The mechanism of normal cell cycle & pathogenesis of HPV in tumorigenesis. A-Normal Cell cycle, B - Role of RB in regulating G1 -S checkpoint, C-Pathogenesis of HPV GI to S - Red arrow indicates the HPV targeting the cells passing through G1 to S phase. Abbreviations- G - Gap phase, S- synthesis phase, M - mitosis phase, RB -Retinoblastoma, p16 - p16INK4a CDK- Cyclin dependent kinase, HPV - Human Papilloma Virus, DNA-Deoxyribonucleic acid, E7- Early genes, E2F- Transcription factor](JISPCD-4-61-g009){#F5}

The proposed mechanism of action of HPV is by integration of HPV into host genome and up regulates expression of E6 and E7 oncogenes. The interaction of E7 with RB gene results in release of the transcription factor E2F from the RB-E2F complex. As RB-E2F normally inhibits transcription of the p16 gene, expression of HPV E7 results in excessive and deregulated transcription and translation of p16.

The E6 protein induces the loss of G1 checkpoint activation very early due to the degradation of p53. As a result, these infected cells are also resistant to p53 induced growth arrest and apoptosis, making them immortal.\[[@ref15]\] The mechanism of normal cell cycle and pathogenesis of HPV in tumorigenesis is represented in schematic way.

Usually, HPV gets detected by IHC, *in-situ* hybridization (ISH) and polymerase chain reaction (PCR) methods.\[[@ref16]\] Studies comparing these three methods revealed that all OSCCs cases, which confirmed HPV positivity by PCR/ISH were also p16 positive by IHC.\[[@ref16]\] Detection of p16 by IHC showed very high level of sensitivity but less specificity. p16 is a known surrogate biomarker of HPV-induced carcinomas. Thereby, HPV detection was done using p16 IHC.

In this study, we observed 86.66% of OSCC cases being p16 positive representing HPV positivity in 87% of cases of OSCC. This was in accordance with Balaram *et al*., Kojima *et al*., Ostwald *et al*., who found 74%, 66%, and 62% HPV positivity, respectively, whereas Koppikar *et al*., Khovidhunkit *et al*., Zeuss *et al*. studies revealed 6%, 2%, and 0%, respectively exhibiting a low prevalence of HPV in OSCC independent of the method used.\[[@ref17]\]

It is also observed that HPV infection is more prominent in OSCC cases from India than in patients from other countries; for example, only 23% of Japanese patients, 8-20% of American patients, and 19% of Dutch patients are HPV positive. In India, 33.6% of OSCC patients were HPV positive in Eastern India as compared with 67% in South India and 15% in Western India.\[[@ref18]\] This variability may be attributable to: Ethnicity and geography; small number of samples analyzed; possible contamination; detection technique used.\[[@ref4]\] Interestingly, we also noted all the cases of PDOSCC were HPV positive, which correlates to the aggressive nature.

Controversy still exits regarding the prognosis of HPV positive OSCC. While few studies reported that detection of HPV was associated with late stage disease and poor prognosis, other studies have shown HPV positive cases having better prognosis and improved survival rate, with favorable to radiation treatment. However, treatment strategies do not currently differ on the basis of HPV status. In the future, determination of HPV status may be used to guide treatment decisions and posttreatment surveillance.\[[@ref19]\]

On literature search, there were only a meager number of studies correlating HPV and histological grades of OSCC. To the best of our knowledge, we found none of the studies emphasizing the correlation of HPV in histological grades of OSCC. In this study, we found diffuse staining was more in the PDOSCC, which may correlate increased viral overload and in turn correlates to the aggressive behavior of the tumor and vice versa singly dispersed cells in WDOSCC showed less aggressiveness. This was in accordance with Narges *et al*., who observed the significant relationship between histological grades and the percentage of positive cells in premalignant and malignant cervical lesions. However, further studies with increased sample size and other markers for correlating the aggressive behavior of the tumor are required which would provide a better understanding of their biological behavior.

The identification of HPV 16 and 18 as high-risk types have resulted in the development of prophylactic vaccines based on their viral capsids. At present, two vaccines for prevention of HPV-related diseases have been developed - Cervarix and Gardasil. The vaccines are now part of the public vaccination program in several countries and are offered to girls from the age of 12 years or prior to sexual debut. The value and cost benefit of vaccinating boys is under discussion in many countries. The efficacy of the vaccines in preventing HPV-related HNSCC is at present unknown.\[[@ref17]\] This is equally encouraging and gives us hope that it should be possible to develop such vaccines against head and neck cancers too; which would be especially useful in advanced cases.\[[@ref1]\] Public education especially focusing on young adults about of the role of HPV and unsafe sexual practices is of paramount importance in prevention of HPV associated oral cancer.

CONCLUSION {#sec1-5}
==========

Our study shows that strong association exists between HPV infection and OSCC. The diffuse pattern of p16 positivity in PDOSCC cases needs to be investigated further, which would provide better understanding of the biological behavior of OSCC caused by HPV.
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